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THE  BiPilOVBMSM:  OF  gllS  glffTH  STREET  ROAD  AT  Lk  SALLB,  ILL. 


The  Fifth  Street  Soad  at  La  Salle,  111.  is  the  main  thorough 
fare  leading  from  that  city  to  the  small  towns  in  the  east  and  north- 
east.  It  leads  to  some  of  the  richest  farm  lands  in  that  part  of  the 
state  and  it  is  praotically  the  only  way  in  which  the  farmers  in  the 
outlying  districts  can  reach  the  city  to  "bring  in  their  produce  and 
take  out  their  supplies.   Besides  heing  the  main  highway  used  "by 
farmers  it  is  the  "best  and  most  direct  route  by  which  automohiles 
passing  through  La  Salle  may  reach  Ohicago  and  the  numerous  smaller 
cities  "between  Chicago  and  la  Salle. 

Just  as  the  road  leaves  La  Salle  it  crosses  the  valley  of 
the  Little  Vermilion  Cfeek,  a  small  winding  stream  which  in  the  dry 
season  h%s  a  width  of  a"bout  75  feet;  "but  in  ti'.'e  of  floods  or  a  very 
rainy  spring  overflows  it's  banks  and  spreads  over  the  greater  part 
of  the  valley.  At  the  point  of  crossing  the  valley  has  a  width  of 
about  1000  feet,  and  is  very  flat,  the  average  height  above  mean 
water  level  being  about  1  foot. 

She  valley's  sides  slope  at  rather  a  sharp  angle  arid  are 
marked  by  many  small  streams  vdiich  afford  the  drainage  for  the  high 
ground  on  either  side.   The  geological  structure  is  quite  uniform, 
the  surrotmding  country  showing  a  limestone  formation,  which  is  cover- 
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ed  to  a  depth  of  six  or  eight  feet  "by  a  sticky  "brown  olay. 

At  the  present  time  the  valley  is  crossed  ty  a  fill  leading 
down  from  either  side  to  an  old  masonry  arch  bridge,   hut  the  grades 
are  very  steep,  and  hecause  of  the  lack  of  care  and  attention  it  is 
almost  impossible  for  a  loaded  team  to  cross  the  valley  in  wet  weather. 
The  fill  is  of  clay  and  is  very  poorly  drained,  thus  leaving-  large  pools 
of  mud  and  water  standing  at  points  near  the  "bo.ttom  of  the  grades  ar)d 
on  the  "bridge.   The  road  as  it  is  now  has  a  drop  pf  ahout  60  feet  in 
800  or  900  feet,  and  has  a  grade  varying  from  4?5  to  10,j  or  12;i. 

The  masonry  bridge  which  spans  the  creek  is  a  circular  arch 
having  a  span  of  75" -0",  a  rise  of  15'-0",  and  a  width  at  the  spring- 
ings  of  24' -0".   The  arch  ring  is  of  uniform  thickness  throughout, 
having  a  depth  of  3.3  feet  at  the  crown  and  springings.   The  height 
of  the  springings  above  water  level  is  about  5  feet  and  the  distance 
between  the  surface  of  the  roadway  ani  the  bottom  of  the  arch  ring 
is  7  feet,  making  the  height  of  the  roadway  above  water  level  about 
27  feet. 

The  project  taken  tip  in  this  design  is  to  raise  the  bridge 
to  such  a  height  that  the  maximum  grade  at  any  point  on  the  ap^proach- 
es  to  the  bridge  will  be  Z^fo,     The  old  bridge  and  wing  walls  are  to 
be  taken  out  and  replaced  by  reinforced  concrete  abutments  and  wing 
walls  founded  on  bed  rock  and  of  the  proper  height  to  give  the  requir- 
ed gr?^des,  and  the  creek  is  to  be  spanned  by  a  deck  plate  girder 
bridge  having  a  span  of  80  feet.  Also  the  curve  in  the  road  on  the 
e%st  side  of  the  valley  is  to  be  taken  out  as  shown  on  the  map  and 
the  new  cut  will  be  made  to  come  into  line  with  the  old  road  on  the 
top  of  the  eqst  bluff. 
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THE  suavf. 

In  order  to  draw  a  profile  of  the  valley,  esta^blish  the 
proper  grades,  axxd  draw  cross  sections  of  the  present  and  proposed 
roads  it  was  necessary  to  have  a  topographical  map  of  the  valley 
adjoining  the  road.   The  survey  for  the  topography  was  made  hy  the 
stadia  method,  the  magnetic  meridian  being  taken  as  the  line  of  ref- 
erence.  In  running  the  traverse  the  instniment  was  set  up  on  the  oast 
side  of  the  valley  euad  a  line  run  west  along  the  road,  side  shots 
"being  taken  on  all  points  viixere  required.   The  line  was  continued 
weat  to  "he  opposite  side,  shots  "being  taken  on  each  side  of  the 
road  on  all  fence  corners,  alleys,  and  important  "buildings  as  far 
as  the  Illinois  Central  tracks;  and  was  then  run  down  into  the  valley 
and  "back  towards  the  starting  point  along  the  south  side  of  the  "bridge, 
crossing  the  road  on  the  east  side  of  the   valley  and  returning  west 
along  the  north  side  of  the  bridge.   In  this  way  the  topography  of  the 
valley  for  a  distance  of  about  2C0  feet  on  e^ch  side  of  tine  road  was 
determined. 

The  map  was  plotted  from  these  stadia  notes,  and  from  a 
set  of  level  notes  taken  along  the  center  of  the  road  and  over  the 
line  of  the  proposed  road  the  profile  was  o"btained,  and  cross  sec- 
tions were  plotted  at  equal  distances  along  the  profile.  Then  by 
means  of  the  grade  lines  drav/n  on  the  profile  the  sections  showing 
the  cut  and  fill  of  the  new  roud  were  dravm  in.  This  gave  a  basis 
for  the  determination  of  the  height  of  walls,  height  of  abutments, 
length  of  wing  walls,  and  amount  of  cut  and  fill  together  with  the 
len^-tn  of  haul  of  the  material  from  the  cut  to  the  fill  and  from  the 
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"borrow  pile  to  the  fill. 


DESI6H  OS   gHE  RETAIiriEG  WALLS  ki:D   AEUgigillTIS. 

The  retaining  walls  and  aLutments  are  of  reinforced 
concrete,  the  abutments  "being  founded  on  "bed  rock  and  the  retaining 
walls  going  to  a  suitable  depth  to  give  sta'bility. 

The  abutments  are  55' -0"  from  "bed  rock  to  the  siirface  of 
the  roadway  and  are  provided  with  bridge  seats  for  a  deck  plate 
girder  bridge,  all  dimensions  "being  shown  on  the  drawings.   The 
a'butment  walls  are  provided  v/ith  counterforts  and  are  reinforced  "by 
the  horizontal  "brace  as  shown. 

The  v/ing  walls  are  designed  "by  figure ing  the  a'butment 
walls  and  also  the  walls  at  the  lower  end  and  gradually  decreasing 
from  the  a'butment  to  the  small  end  wall  as  shown  on  the  plan  and 
elevation  sheet.   The  lower  end  of  the  wall  has  a  height  from  'bot- 
tom of  footing  to  top  of  wall  of  14' -0"  and  is  "built  with  coxmter- 
forts  the  same  as  the  abutments.   Complete  dimensions  and  details 
arc  shown  on  the  drawings. Throughout  the  design  the  weight  of  concrete 
has  been  assumed  as  150  poufis  per  cubic  foot,  the  weight  of  earth 
as  1£0  poimds  per  cubic  foot,  and  the  slope  of  the  earth  fill  as 
1-1/2  to  1. 

The  pressure  P'  on  the  vertical  plane  2=-B  is  calculated 
graphically  and  equals  the  area  SM  x  lEO  =  130.300  pounds  and 
acts  at  an  angle  of  33  degrees.   Therefore  P' =100, 100  pounds  hor- 
izontal pressure  which  acts  through  the  center  of  gravity  and  is 
equal  to  B  2  4. 
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The  resultant  pressure  on  the  plane  G  2  is  thus  found  to  le  (area 

G  23  X  120)  =  P". 

P"=  86,900  pounds. 

The  weight  of  the  prism  of  filling  0126  -  14Q.100  pounds,    and  com- 

iDined  with  P»    gives  P=160,100,      The  weight  of  the  wall  per  lineal 

foot   equals   51,400     pounds   and  comhlning  this  with  P  gives  E  = 

224,000  pounds. 

The  resultant  E  cuts  the  "base  at  a  distance  3.2  feet  from  the  center 

of  gravity  and  the  vertical  component  of  E  acting  through  this  point 

is  F  =  200,000  pounds. 

Stress  diagrams. 

p,  =  F_  =  200.000   =  5,700  pounds  per  square  foot. 
AB      35 

p  =  SFTj  =  6  X  200.000  X  3.2  =   3,127  pounds  per  square  foot. 
~cF  (35)^ 

p  =  p,  4  p„  =.  8,827  pounds  per  square  foot  or  2,573  pounds  per 

square  foot. 

VSiiTICAL  lULL   OR  SU.B. 

The  counterforts   are  to  "be  spaced  10' -0'  center  to  center 

and  designed  as  a  simple  "beam. 

M  =  wl^  =  3450  x(10/      =     43,125  foot  pounds. 
"H"  8 

K,    =  ICbd^ 

Assume  the  thickness  of  heaia  =  24".      n  =  12,   p  -   .006,    f  =  16,000, 
From  calculation  D  =  22.4".      Therefore   the  assujned  thickness   is   safe. 
^rea  of  steel  =  pM  =   ,006  x  24  x  12     =     1,73  square   inches. 
To   give   the  required  amount  of  steel  use  l'/16"  round   rods   G"  center 
to   center,    decreasing  the  spacing  eocordirg  tb  the  decreasing  press- 
ure towards   the  top. 
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COUSTSK&'OBTS. 

The  tending  moment  at  the  liase  along  CG  =  K'   =   (88,900  x    ' 

10  X  18-1/8  =  1629,833   foot  pounds  =  195,580,000    inch  pounds. 

Assuming  the   thickness  of  the  counterforts  as  3^-0"    , 

HI  =  195,580,000  =   5,432,777   inch  pounds. 
3  X  12 

M  =  KM^  Taking  p  =   .006,   n  =  12,    f  =  16,000,      From  calcxaation 

d  ^  21 '-0".      The  assumed  value  of  d   is   26*^   and   is   therefore  safe. 

K  =  M       =   5,433,000  ^   56.      This  will  require  P  =   .004. 

R^        1  X   (26  x'lSr 

A  =  phd     =.      .004  X  36  X  (26  X  12)      =44,9   square   inclies.      To  give 

the  required  amount  of  steel  use  12   -  2"   square  tars,   decreasing 

the  number  of  "bars  according  to  the  decreasing  pressure  towards 

the  top. 

DESIGE  Og  TKB  BRACE. 

The  "brace  ahcd  is  designed  as  a  cantelever  "beam.  The 
weight  of  the  earth  supported  equals  17  x  40  x  120  =  81,e00  pounds, 
and  the  uniform  load  on  the  beam  equals  81.600  =  4,800  pounds  per 
lineal  foot. 
M  =  wl  =  4800  X  17  =  40,800  jToot  pounds. 

K  a  KMf   AsiDUjne  the  thickness  of  the  hrace  =  36".   n  =  12, 
p  =  ,003,  f  =  16,000.   From  calculations  B  =  30.45". 
A^=   pM  =  .003  X  36  X  12  =  1.29  square  inches.   To  give  the 
required  amount  of  steel  use  7/8"  round  rods  spaced  6"  center  to 
c^'Titcr . 

TEE  BRIDGE  SEAT. 


wl^    =  600  x(ia^  =  7500  foot  pounds. 
"5         8 
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M  =  KM.   ^cuEe  the  thickness  as  10".   n  =  1£,  p  =  .006,  f  -  16,000. 
From  calculations  d  ~   9.33". 

A^=  pt)d  a  ,006  X  10  X  12  =  Z.72   square  inches.   To  give  the  re- 
quired amount  of  steel  use  1"  round  rods,  6"  center  to  center. 

gOUEDATIOISIS. 

deferring  to  the  stress  diagram  the  moment  of  K  =  M'  ^ 

(8,800  4-  7,400)8  z  4.1  =  282,080  foot  pconds. 
g — 

M  =  Khd! 


n  =  12,    p  =    .01,    f  =  16,000.        From  calculations  A  afe82,000     =58.5" 

'1  X  83,8 

=  4.9'  the  depth  at  the  toe.   Since  the  moment  is  greatest  at  E  v/e 

have  made  the  thickness  8'  and  4'  at  the  toe. 

K  =  K    ^   282.000   =  30.5.   'Ihis  will  require  p  =  .003  when  n  = 

"BcF   TTe  X  i2f 

12  and  f  =  16,000. 

A  -.plod.      -    .003  X  96  =  .288  square  inches. 

To  give  the  required  amount  of  steel  use  7/8"  round  rods  3  center 

to  center  at  the  bottom  and  7/8"  round  rods  5"  center  to  center  at 

the  top. 
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SESICT  OF  TflE  LOITER  BED  OF  RETAINING  WALL. 

The  wall  at  this  point  has  a  height  of  14 '-0",  all  other 
dimensions  heing  the  same  as  shown  on  the  drawing,  and  all  data 
being  the  same  as  used  in  the  design  of  the  main  walls. 

The  area  of  the  triangle  SeS  r:;  56.25  square  feet. 
56,25  X  120  =  6750  pounds  acting  at  an  angle  of  33  degrees.   There- 
fore the  horizontal  pressure  P'  -  5650  pounds. 
The  horizontal  pressure  on  G2  =*  5650  x  Z     ~   870  pounds. 

The  weight  of  the  prism  of  earth  0-l£-G   =  7600  pounds  and  combin- 
ing this  with  the  horizontal  pressure  P'  gives  P  =  9500  pounds.  [The 
weight  of  the  wall  =  4600  pounds  and  combining  this  with  P  gives  B 
=  13,400  pounds  and  the  resultant  cuts  the  "base  within  the  midula 
third  at  a  distance  of  .3  feet  from  the  center  of  gravity  and  the 
vertical  component  of  2  acting  through  this  point  is  F  =  12,150  Its. 
Stress  Diagrams. 
pj  =  F  =  12,150  =  1105  pounds  per  square  foot. 

lu      n 

p     =   6F"b  =  6  X  12,150  z  ,3     =  181  pounds  per  square  foot. 
"       ~cF       11^        

p     =  p     i  p       =  1272  pounds  per  square  foot  or  924  pounds  per  square 

foot. 

The  counterforts  are  to  "be  spaced  10*  center  to  center. 

K  =.  wl^  ^  710  X  10^   =  8,875  foot  poiinds . 
"8        S 

M  =  KM^.   Assume  the  thickness  of  the  wall  as  12".   n  =  12,  p  =  .006, 

f  =  16,000.   From  calculations  d  =  11.2". 

A^  =  pM  =   .006  X  12  X  12  =  ,864  square  inches. 
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To  give  the  reijuired  amount  of  steel  use  1-1/16"  round  rods  12" 
center  to  center,  decreasing  the  numher  of  hars  according  to  the 
decrease  in  pressure  towards  the  top. 

COUiroaHB'QRTS. 

The  "bending  moment  at  OG  =  M'  =  4S80  x  4.1  x  10  =  179,580 

foot  pounds,  =  2,154,960  inch  pounds. 

Assiuning  the  thickness  of  the  counterforts  as  12"  M  =  2,154,960   = 

12 

179,588  pounds. 

il  =  KM^.  Assuiuing  n  =  12,  p  =  .003,  f  .-=  16,000,  from  calculations 

d  =  5 '-4".  2he  assumed  value  of  d  is  6 '-6"  and  is  therefore  safe. 

A^=  phd  =  .003  X  12. 

X  =  M.   =^2,154,960      29.5.   ^his  will  require  p  =  ,002. 
^'  (6  1/2  X  l2i' 

i».^=  phd  =  ,002  X  78  X  12  =  1,87  Square  inches.   To  give  the  requir- 
ed amount  of  steel  use  2  -  1"  squeire  "bars. 

The  first  three  counterforts  are  I'-O"  thick  reinforced 
with  2-  1"  square  "bars  6"  center  to  center.  The  first  two  counter- 
forts adjoining  the  ahutment  shall  be  the  same  as  those  of  the  ehutment 
All  intermediate  counterforts  are  2'-0''  thick,  the  reinforcing  "being 
decreased  as  the  lower  end  of  the  wall  is  approached, 
gCUiiJATlOH. 

Referring  to  the  stress  diagrams  the  FiOment  at  K  =  M'  = 

1272  4-  1120  X  3-1/2  x  2,3  =.  9628  foot  pounds. 
2 

M  =  Khd"! 


n  =  12,  p  =  .006,  f  =  16,000.   d  =[9628     =   IS. 7".   The  assumed 
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depth  at  the  toe  =  £0". 

J£  =  M  =  9628    =  24.   This  will  require  p  =  ,002. 
-W      1  X   20^ 

A^  =  ptd  =  ,002  X  20  =  ,04  square  inches,  per  inch  of  thickness. 

To  give  the  required  amount  of  steel  use  7/8"  round  rods  12"  center 

to  center  at  the  hot  bom  and  7/8"  round  rods  24"  center  to  center  at 

the  top. 

~  g01!B  - 

In  order  to  take  care  of  the  temperature  stresses  the 
steel  is  placed  horizontally  and  vertically  in  the  counterforts 
as  shown  in  the  drawings. 
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^A^LSXUli  ijUEudl  ALLOY/ED   01^  OOEQrcklgE. 

The  maximum  shear  allov;ec   on  "beams  and  walls  shall  "be  75 
Its,   per  square  foot. 

majcb:ui^  stress  allowed  ce  STa^. 

In  the  "beams  and  walls  the  steel  shall  "be  assuiEed  to  take 
the  entire  tensile  stress  without  aid  from  the  concrete,  and  shall 
have  an  area  sufficient  to  equal  the  coapressive  strength  of  concrete 
composed  of  one  part  Portland  Cement,  three  parts  Sand,  and  six  parts 
of  "broken  stone,  of  the  age  of  six  months.   The  value  of  the  steel 
in  tension  will  "be  assumed  as  15,000  I'bs.  per  square  inch. 

DISCilBPAIIGIBS. 

In  the  event  of  any  discrepancies  "betWi'een  the  drav;ings 
and  the  figures  written  on  them,  the  figures  are  to  "be  taken  as 
correct,  and  in  case  of  any  discrepancies  between  the  drawings  and 
the  specifications,  the  specifications  are  to  "be  adhered  to. 

FOUEDiiTIOES. 

All  foundations  shall  "be  as  shown  on  plans,  and  con- 
form to  the  dimensions  marked  thereon.   Foundations  are  to  te  on 
gravel  and  shall  "be  excavated  to  a  depth  of  12 '-0". 

CEMBgT. 

Ho   cement  will  "be  allowed  to  he  used  except  Serman-Amer- 
ican  Portland  Cement.  All  cement  shall  have  heen  seasoned  or  suh- 
jected  to  aeration  for  at  least  SO  days  "before  leaving  the  factory. 
All  cement  shall  he  dry  and  free  from  lumps,  and  immediately  upon 
receipt  shall  "be  stored  in  a  dry,  well  covered  and  ventilated  place, 
thoroughly  protected  from  the  weather.   The  fineness  of  the  cement 
shall  "be  such  that  at  least  90?$  will  pass  through  a  sieve  of  #  40 
wire,  Stuh"bs  gauge,  having  10,000  openings  per  square  inch,  and  at 
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least  75fi  will  pass  -through  a  sieve  of  §   45  wire,  StulDts  gauge,  hav- 
ing 40,000  openings  per  square  inch. 

Samples  for  testing  shall  he  taken  from  every  tenth  "barrel. 
The  samples  will  T:e  mixed  thoroughly  together  while  dry  and  the  mix- 
ture be  taken  as  the  sample  for  test. 

The  sand  used  in  preparing  test  specimens  shall  "be  clean, 
sharp  crushed  quartz,  retained  on  a  sieve  of  30  meshes  per  lineal 
inch  and  pas&ing  through  a  sieve  of  20  meshes  per  lineal  inch.   In 
test  specimens  of  1  cement  and  3  sand,  no  more  than  12^0  of  water  hy 
weight  shall  he  used.   Specimens  prepared  from  a  mixture  of  1  part 
cement  and  3  parts  sand,  parts  hy  weight,  shall  after  7  days  develope 
a  tensil  strength  of  not  less  then  170  lbs.  per  square  inch,  and  not 
less  than  240  Its.  per  square  inch  after  28  days.   Cement  mixed  neat 
with  from  20^  to  25fo   of  water  to  form  a  stiff  paste  shall  after  30 
minutes  "be  appreciahly  indented  hy  the  end  of  a  v/ire  ]-"      in  diameter 
loaded  to  weigh  1  Ih,   Cement  made  into  thin  nats  on  glass  plates 
shall  not  crack,  scale,  nor  warp  under  the  fallowing  treatment:   3 
pats  are  to  be  made  and  allov/ed  to  harden  in  moist  air  from  60  to 
70  degrees  Fahr. ;  one  of  these  will  he  placed  in  fresh  water  for  28 
days,  another  to  he  placed  in  water  which  'will  be  raised  to  the  boil 
ing  point  for  6  hours  and  then  allowed  to  cool,  and  the  3rd  to  be 
kept  in  air  of  the  prevailing  outdoor  temperature. 
PORTLAIH)  QIMSITT  GOirCaBTE. 

The  concrete  shall  be  compoged  of  cement,  sand  and  gravel, 
mixed  in  clean  water  in  the  proportions  hereafter  mentioned. 

The  sand  shall  he  clean,  sharp  and  coarse,  or  coarse  and  f 
fine  mixed,  free  from  sewage,  mud,  clay  and  all  foreign  matter. 
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The  gravel  sliall  "be  of  assorted  Gises  soresBed  or  washed 
entirely  free  from  clay,  loam,  or  foreign  matter,  and  "be  free  from 
soale,  slime,  or  humus. 

The  Ingredients  shall  "bo  placed  in  the  machine  in  a  dry 
state  and  in  the  volumn  specified,  and  he  thoroughly  mixed,  after 
which  clean  water  shall  "be  added  and  the  mixing  continued  *ntil  the 
wet  mixture  is  thorough  and  the  mass  unicfona.  The  mixture  shall  te 
sufficiently  wet  for  the  water  to  coire  to  '.he  surface  v/ith  moderate 
ramming.  As  soon  as  the  hatch  is  mixed  it  must  he  deposited  in  the 
work  without  delay. 

All  concrete  shall  he  deposited  in  layers  of  6"  or  8", 
and  he  thoroughly  rammed  until  all  voids  arc  filled  and  the  water 
flushe*  to  the  surface. 

All  concrete  shall  he  mixed  in  the  following  proportions: 
1  part  Portland  Oement,  3  parts  Sand,  and  six  parts  cf  Gravel  that 
will  pass  through  a  3"  ring. 
AaglFIQIAL  STOKE. 

The  concrete  shall  be  rammed  directly  against  the  molds, 
and  after  the  molds  have  heen  removed  all  exposed  surfaces  shall  te 
floated  to  a  smooth  finish  with  a  morter  consisting  of  1  part 
cement  and  2  parts  of  fine  sharp  sand,  care  heing  taken  that  no 
"body  of  morter  is  left  on  the  face,  suffient  only  heii^g  used  to  fill 
the  pores  and  give  a  smooth  finish. 
MIXTURES. 

The  volumes  cf  cement,  sand  and  gravel,  in  all  mixtures 
of  morter  or  concrete  shall  "be  measured  loose. 
COSLjlQTIOJrS. 

In  connecting  concrete  already  set  with  new  concrete,  the 
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surface  shal.!  lae  cleaned  and  roughened,  tind  mopped  with  a  morter 
oompoaed  of  1  part  cement  and  1  part  sand  to  cement  the  parts  to- 
gether. 

DRAIMGB. 

Provision  for  drainage  shall  he  made  at  each  point  shomi 
on  drawings  as  follows:   a  wrought  iron  pipe  li"in  diameter  shall 
"be  placed  hetween  each  two  counterforts  at  the  top  of  the  foundation 
and  also  ahove  the  "brace  located  midway  of  the  height  cf  the  ahut- 
ment  wall.   fDhe  line  of  drainage  shall  he  covered  with  a  layer  of 
hroken  stone,  and  the  top  of  the  pipes  shall  "be  provided  with 
screens  to  prevent  clogging. 

-STEEL. 

Steel  rods  shall  he  imhedded  near  the  tension  side  of 
all  memhers  suhjected  to  transverse  stresses. 

The  distance  of  the  center  of  the  rod  from  the  outside 
of  the  concrete  shall  not  he  loss  than  the  diameter  of  the  rod.  All 
steel  must  "be  fre-i  from  paint  and  oil,  and  all  scale  and  rust  mast 
he  removed  heifbre  imhedcing  in  the  concrete. 

The  tensile  strength,  limit  of  elasticity  and  ductility 
shall  he  determined  from  a  test  piece  cut  from  the  thinest  material 
and  turned  and  planed  parallel.   The  area  of  cross  section  shall 

not  be  less  than  ±"   sq^uare  inch;   the  elongation  shall  he  m.easured 

2 
after  breaking  on  an  original  length  of  8".  Each  melt  shall  he  test- 
ed for  tension  and  bending. 

Medium  steel  shall  be  used  in  all  concrete  work  and  shall 
have  c.n  ultimate  strength  of  from  60,000  to  68,000  lbs.  per  square 
inch,  an  elastic  limite  of  not  less  than  jL  the  ultimiate  strength. 
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shall  elongate  not  lees  than  22;o  in  8",  and  tend  cold  180  degrees 
to  a  diameter  eq^ual  to  the  thickness  of  the  piece  tested  without 
fracture  on  the  outside  of  hend.   In  tension  tests  the  fracture  must 
te  entirely  silky.   The  workmanship  must  be  first  class. 

All  v/alls,  ahutments  und  foundations  shall  "be  "built  in 
timher  forms.  These  forms  shall  he  made  of  first  class  timher, 
free  from  knots  and  other  imperfections.   Forms  shall  he  huilt 
suhstantial  and  unyielding,  and  of  the  proper  dimensions  for  the 
work  intended.   All  parts  in  contact  with  exposed  faces  of  con- 
crete shall  "be  well  spaded.  Bracings  shall  be  placed  at  all  points 
where  necessary  and  care  shall  he  taken  that  all  joii^ts  and  corners 
are  well  closed. 

V/ATJL^ROCglgG. 

The  inner  surfaces  of  all  retaining  walls  and  ahutments 
shall  he  coated  v/ith  a  heavy  coat  of  semi-liquid  mortar,  consist- 
ing of  1  part  cement,  i  part  of  thoroughly  slaked  lime,  and  3  parts 

2 
of  sand,  spread  to  leave  a  smooth  finish,  and  after  this  has  set 

hard  it  shall  "be  given  a  heavy  coat  of  pure  cement  grout. 
WATi/iKPLAIDaS. 

Two  nameplates  shall  he  furnished  hy  the  contractor. 
They  shall  he  of  a  design  approved  hy  the  engineer,  and  huilt  into 
the  abutment  or  such  other  place  as  may  be  clirected  by  the  engineer, 
1  plate  being  inscribed  with  the  names  of  the  city  or  county  offic- 
ials and  year  of  completion,  the  other  being  inscribed  with  the  names 
of  the  designers  and  contractors.  The  plates  shall  be  made  of  oast 
iron  and  they  shall  be  given  2  coats  of  bronze  paint  und  t   coats 
of  best  varnish. 
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EliLGTIQg. 

The  contractor  shall  employ  competant  and  suitable 
lator  for  every  kind  of  work.   2he  contractor  shall  furnish  all 
staging,  piling,  critling,  casing  and  material  of  every  descript- 
ion required  in  the  erection  of  the  work;   also  all  plant,  in- 
cluding dredges,  engines,  pumps,  "barges,  piledrivers,  derricks, 
mixing  machines,  conveyers  or  all  other  appliances  necessary  for 
cari-ying  on  all  parts  of  the  work.  The  contractor  shall  make  all 
the  provisidns  necet  sary  to  maintain  and  protect  "buildings,  fences, 
trees,  conduits,  sewers  and  other  structures,  and  shall  repair 
all  damage  occasioned;   shall  provide  watchmen,  red  lights,  fences, 
and  other  precautionary  measures  necessary  for  the  protection  of 
person  aifl.  property.   The  contracot  shall  assume  all  risVzs  for 
loss  or  damage  incurred  hy  ice,  floods,  fire  or  other  caused  dar- 
ing the  construction  of  the  v.'ork,  and  until  the  same  is  accepted. 

The  contractor  shall  do  all  the  v/ork  prescrihed  in  these 
specifications  and  as  shovra  on  the  plans  from  out  to  out  of  retain- 
ing walls. 

CLa^ITIHG  UP. 

jifter  the  completion  of  the  work  and  "bexore  final  accept- 
ance thereof,  the  contractor  shall  rem.ove  all  temporary  structures 
and  rubhish,  and  leave  the  v/ork  and  surrounding  ground  in  a  neat 
end  satisfactory  condition. 

MAIHTAIEICG  PUBLIC  T.^YBL. 

If  public  travel  is  to  be  maintained  during  the  construct 
ion  ox  the  ne.7  bridge  a  temporary  bridge  shall  be  erected  by  the 
contractor. 
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EmOYAX  CE   TEE  OLJ  B^ILDGE. 

Ihe  present  "bridge  aad  all  retaining  walls  shall  te  remov- 
ed by  the  contractor.  All  stone  shall  "become  the  property  of  the 
contractor  and  may  "be  used  "by  him  in  the  erection  of  tlie  new  v'ork. 
MGHTKBil. 

Wherever  the  v/ord "engineer"  appears  in  these  specifica- 
tions, the  same  shall  mean  the  engineer  or  other  puhlic  official 
who  may  he  properly  authorized  to  act  for  the  party  who  makes  this 
contract  with  the  contractor. 
L  11.^3  i.IiD  G.LU)aS. 

Lines  and  Grades  shall  he  established  hy  the  engineer, 
and  no  work  shall  he  attempted  or  coir.icenced  until  these  are  given- 

BIT21A  v/o.-a:. 

The  contractor  must  he  prepared  to  do  any  extra  work 
that  may  ho  ordered  in  writing  hy  the  engineer,  and  for  this  he 
shall  he  paid  at  current  contract  rates  for  v;ork  of  a  similar 
character,  or  if  the  extra  v/ork  should  he  of  a  class  for  which  no 
rate  is  fixed  hy  current  contracts,  the  actual  reasonalle  cost 
to  the  contractor,  as  determined  hy  the  engineer,  plus- 15,j  of 
said  cost.   The  contractor  shall  have  no  clain  for  compensation  for 
extra  work  unless  the  same  is  ordered  in  writing  hy  the  engineer. 

ir^PEQTIOE. 

ii-11  the  material  furnished  hy  the  contractor  shall  he  smh- 
Ject  to  the  inspection  und  approval  of  the  engineer,  and  the  en- 
gineer shall  have  power  to  condem.n  all  work  wklch  in  his  opinion 
is  not  done  in  accordance  with  this  contract  and  specifications. 

MOJIg'ICi^TIOES. 

Any  modifications  of   prescribed  lines,  grades,  positions 
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methods,  or  F.aterinls  of  construotion  which  in  the  judgement  of 
the  engineer  may  "be  expedient,  shall  he  made  hy  the  contractor. 

iM:Eiip:giTAi:ioi  oir  PL^gs  aio)  spsciJiCATiogs. 

The  decision  of  the  engineer  shall  control  as  to  the  in- 
terpretation of  t'.e  plaris  said  specifications  during  the  execution 
of  the  work  thereunder,  "but  this  shall  not  deprive  the  contractor 
of  his  lawful  rights  to  redress  after  the  completion  of  the  work 
for  any  improper  orders  or  decisions  which  may  have  "been  received 
during  the  execution  of  the  v;ork. 

ApproxiEate  estimates  of  the  work  done  and  material  fur- 
nished shall  he  made  on  or  atout  the  last  day  of  every  month,  and 
a  valueticn  of  the  same  in  proportion  to  contract  prices  for  the 
completed  work  will  "be  made  hy  tlie  engineer,  which  sum  Y/ill  he 
paid  to  the  contractor  in  cash  on  or  atout  the  10th  day  of  the  fol- 
lowing month,  less  a  deduction  of  lO/o  upon  said  valuation,  which 
shall  he  retained  until  the  final  completion  of  the  work. 
FIH^  PAYLuLI'll\ 

Upon  the  completion  of  the  work  the  contractor  shall 
he  promptly  paftd  the  halance  of  the  contract  price  which  shall 
then  remain  due  and  unpaid. 
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POST   ESTIMATE  OF  WALLS  AT.S  ABUTFiEM! S . 


STEEL. 


yOUlJDATIOKS. 

10. 

SIZE. 
7/8"  iid. 

LEKGTH  IH  FEET. 
34' 

TOTAL  LEIJGT 
3400' 

K^ 

WEIGHT   PE.i  i'-T. 

100 

2.044 

130 

II             II 

10'    to   34' 

2860' 

II 

10 

II             II 

152' 

1520' 

II 

10 

II             II 

80' 

800' 

11 

15 

II             II 

40» 

600' 

II 

TOTAL - 

9180' 

19 

IS  Rd. 

80 

1"  Rd 

TOTAL- 

11 

1-1/16" 

iid 

15 

II 

II 

15 

II 

II 

19 

II 

II 

TOTAL- 

15 

TOTAL- 


7/8"  Rd 


TOTAL  WEIGHT  =  18.766  Its. 


GMTRAL  WALL. 
55' 
12'    to   50' 

TOTAL  WEIGHT  - 
155' 
120' 
70' 

30' 

TOTAL  WEIGHT  = 

BB^OE. 
28» 
17' 

TOTAL  WEIffiT   = 


1045' 
^4^0' 


3425' 
9411  IJs. 
1705' 
1800' 
1050' 
570' 


5125' 
15,447  Its, 

1120' 

255' 


1375' 
2811  Its. 


2.67 


3.014 


2.044 


■10  ii's!,^sri!cSL    'j!^:^ 


'xiirjliiL;. 


.LB 


'fe3 


,btx  6a?.si  ..  ffiioiKv  iU.:roii: 


-OaTO'J? 


,  v^ki..dil<     lio-l.' 


.arfl     II* 
'cCVI 

'OciOI 
^CVo 

':;:^lG 


inn?; 


'.:;vGi 

.  -'I 


»aGi 

''■■r.i 


.^QAivl 


bj.    "&\V 


08 


.1 


0^ 


'Uiiaia.':  jAseoi' 


COUETERi'ORTS. 


Eo.      ^ 

sias. 

LKEGTH  Ii;  i}"i:r/i\ 

TOTAL  LKITGTH. 

18 

2" 

Sq. 

62' 

1116' 

18 

II 

If 

50 » 

200' 

12 

II 

II 

45' 

540' 

12 

II 

i( 

35' 

420' 

10 

H 

II 

42" 

420' 

10 

tl 

II 

50' 

300* 

8 

II 

II 

25» 

200' 

8 

II 

II 

36' 

288' 

4 

11 

II 

30' 

120' 

4 

n 

II 

20' 

SO' 

43S4' 

TOTAL- 

TOTAL- 


1"   Sq. 


TOTAL  WEIGHT   =   59,623  l"bs. 
!»  92' 


23' 
15' 

TOTAL  WEIGHT   = 


sal 


182' 
619   ITds. 


;vaiGiiT  r^ii¥L 

13.6 


3.4 


Weight   in  Foundation  -   -   -  -  18,766  Its. 

Weight   in  Central  V/all 24,858  Its. 

Weight   in  Brace   -----   2,811  Its. 

Weia>ht   in  Counterforts 60.242  Its. 

TOTiO.  ^i'EIGHT   OF  STEiiL     -   -   -  106,677  Its, 

COST  PER  POUUD   IH  PLiXE-   -   -  1.03 

TOTAL  COST   OF  HBIE^OiiCIIv'G-    -  ^^3200. 31 
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81     - 
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J. 
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00     - 

,afi  vva, 

SOI  - 
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'sr. 
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VOLUME  OF  COKCRETE   IE  FOUUIDATIOH.    =      10,580  uutic  Feet. 

"  "  "  "      V/iJJL  =   14,131     Cubic   Feet. 

"  "  "  "     CemiTSili'0iiTS=_llj_84p_  Qutic  Feet. 

TOTAL-  36,351     cubic  Foet. 

Eguals-1,346     Oubio  Yards. 

Th«  cost  of  materials  delivered   on  the  ground  ere:- 

Sand        ___--------   -     §1.15  per  2000#. 

Gravel §1.35   "  "      " 

German-American  Portland  uement      -     Jl.OO  per  "bbl. 

vVeight  of  sand  per  cubjc  yard     =  3,000  lbs. 

"  "     gravel   "        "  "       =  3,000  lbs. 

Using  a  1-3-6  mixture  from  Fuller's  Rule  for  proportioning, 
Concrete  we  get  1  ^;   3  +  6     -^  10.  11/10  =  1-1/10  bbls.    cement  per 

cubic  yard   of  concrete. 

3  X  1.1  X   .14  ^  i.462  cubic  yards  of  sand  per  cubic  yard  of  concrete. 
6  X  1.1  X   .14  -      .924  cubic  yards  of  gr%vel    "        "  "  "  " 

JLL&.TERIAL  Aim  LABOR. 
Sand    ---      .462  x  3,000  =  1386  lbs.   ®  $1.15  per  2,000  lbs.   =  .80 

Gravel  -      .924  x  3,000  =  2772  lbs.   ®  |l.35  per  2000  lbs.      =  1.87 

Cement   -     1-1/10  Ibis,    of  cement       ©  ^1.00  per  bbl.  =  1.10 

Forms-    -      (Labor,    ttiaber,    etc.)  =  1.25 

Mixing  and  placing  =  1.00 

Handling  and   incidentals.  =  »^Q 

TOTAL   COST   PER  YARD  =  ^6.52 

TOTAL  YARDAGE=  1346   cubic  yards. 

TOTAL   COST   =  $8775,92. 
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DESIQ-i:  ^ri)   COST  ESTE.:^iTE  OF  T:^  BxilDGE. 

The  oreek  is  to  be  spanned  "by  a  deck  plate  girder  "bridge 
having  a  span  of  80' -0"  center  oc  center  of  "bearings,  and  resting 
on  the  tvvo  bridge  seats  en  t?ie  ahutments  designed  as  shown  on  dr£.w- 
ings.   The  distance  "between  centers  of  girders  is  to  "be  14'-0".   The 
actual  width  of  the  "bridge  is  20^-0",  a  projection  of  4''-0"  "being 
allowed  on  one  side  for  a  sidewalk  and  2'-0"  projecticn  "being,  left 
on  the  other  side  as  part  of  the  roadway.   The  bridge  is  designed 
according  to  "Cooper's  apecifioations  for  Highway  Bridges",  and  has 
a  loading  of  12  tons  on  two  axles  IC^-O"  center  to  center,  the  gauge 
of  the  wagon  "being  6'-0",  and  also  a  uniform  load  of  100  pounds  per 
square  foot.   The  floor  is  to  "be  I  "beain  construction;   fleer  "beams 
"being  laid  accross  the  "bridge  at  intervals  of  8'-0"  and  the  string- 
ers "being  framed  onto  the  floor  "beams.  Distance  center  to  center 
of  stringers  is  2^-0". 

STRirSSH. 

/CO 


w;mim 


■4-0 

The  maximum  tending  Lcri.cnt  in  ti.e  stringer  occurs  when  one  of  the 
wheels  is  midway  "between  two  panel  points  as  shovm  in  figure  1. 
Maximum  "bending  moment  =  K  =  PL  =  6000  x  8  x  12  -  144000  inch  l"bs. 
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M  =  SI  .   The  allowable  unit  stress  S  =  12000  Its.  ,.   144000  = 
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12000  I      or  I   -  12,        From  the  ta'ble  of  standard  I  "beams   in  Carnegie 

ft.         "^ 
a  7"   20a    I  "beom  is   found  to  have  a  value  of  12.1  for  I      ,*.      the 

roadway  stringers  will  te  7"   20f  I  "beams. 

The   sidewalk  stringers   are   to  carry  a  live  load  of  lOOji*  per 

squaro  foot;    this  will  Kake  the  load  on  each  string;er  =  8  x  2  x  100 

3  1600  l"bs.  Maximum  "bending  moment  =M«lltt,.      .*,     iil-lx 

1600  X  8  X  12  =  19200   inch  pounds.  M  -  S  I      . ' .      19200  =»  12000  i, 

or  I  «  1,6.      From  the  ta'ble  a  3''   5,5^-  I  "beam  has  a  value  of  1.7   for 

I      ,",    the   sidewalk  stringers  are  to  "be  3"-5.5bp  I  "beams. 

C 

She  maximum  stringer  reaction  will  occur  under  the  load- 
ing shown  in  figure  2,  at  panel  point  2. 


The  reaction  at  panel  point  2  ^   6000  l"bs.  •!•  the  reaction  at  2  due 
to  the  dead  load  in  panel  1-2  or  6200  l"bs. 
iiESIQT  Off  ELOOR  BEAII. 


4 i. 
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The  loading  shown  in  figure   3  will  feive   the  maximum  floor 
"beam  reaction  when  the  l^ridge  is   fully  loaded,    the  ',/heel  loads  "be- 
ing over  the  stringers  which  v.'ill  "bring  the  load   over  the  center  of 
the  "bridge.      The  reaction  R,   =  H„  =»     one  half  of  the   sum  of  the 

loads.    .',  R,  =  R„  =  9400  l"bs. 

of 
The  "bending  moment  <i^   the  center  =  the  reaction  x  1  the 

"5 

span  •*  9400  x  7  x  12  =  789600  inch  l"bs. 
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M  =  o   I.      ,'.    789600  ^     ICOOO  I     or  I     =     65.8.        From  the  tatles 

C     ,  'C"  "C 

a  15"-55#  I  team  has  p.  vt-lue  of  68,1  for  I        ,*.   all  flror  teairis 

will  le  15"-55i^  I  "bear-s. 

DEuU)  LOADS  DUa  TO  FLOOR   SYSTM,  E1!C . 

Weight  of  stringers-  9  roadway  stringers,  length  ^  BC^,  weight  - 

20#  per  lin.  ft.   Total  weight  =  9  x  80  x  20  -  14400  Its.   V/eight 

for  each  girder  a  7200  lis, 

2   sidewalk  stringers-  length  -  80*,  weight  »  5.5  Its.  per  lin,  ft. 

Total  weight  -  2  x  80  x  5,5  Ihs.  =  880  Its. 

Weight  of  floor  ■beams;-  11  floor  heams,  length  20',  weight  55  Ihs. 

per  lin,  ft.  Total  weight  -  11  x  20  x  55  Ihs.  =  12100  Ihs.  Weight 

for  each  girder  =  6050  Its. 

Weight  of  floor:-  length  -  80  ft.,  width  =  20  ft.,  thickness  = 

1  ft.  Weight  cf  timher  a  40  Ihs.  per  cu"bic  ft.   Total  weight  » 

4  . 

80  X  20  X  i  X  40  Ihs.    =  16000  Ihs.     Weight  for  each  girder  •= 

4 
8000  Ihs. 

The   total  weight  of  guard   rails,    curhing,  nailing  pieces,    end   rail- 
ing =>     4000  Ihs. 
Weight  for  each  girder  =     2000  Ihs, 

SU-aAHY  Qg  WEIGHTS  FOR  1   GIRDSR. 

iitringers  7 

Floor  Eeams 

Wooden  floor 

Railing,    etc. 

Estimated  weight  of  girder 


,',  the  dead  panel  load  =  42630   =  4£63  lis. 

live  panel  load  •  the  floor  hec-m  reaction  t  1600  Ihs.  =»  '.^400  •»>  1600 
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11000  lbs. 

21ie  total  panel  load  -     the  live  load   pluE  1   the  dead  load   =  110'  0 

t  212£     =  13132  lis.   -  14  kips. 

aaSIGg  Og   a:HE  WKB. 

The  reaction  =  4,5  i:  14  =  63  K..      The  allowatla  imit  strains  of  the  web 

in  shear  =»  9000  lbs,    per  square   inch.        Therefore-  the  are^  of  the 

web  required  =       £i     =»     7  square   inches.     According  to  specifioations 

t  5"     web  is  the  thinest  that  may  be  used, 
16 

The  groes   area  must  be  :i  x  7  =     10.5  square   inches    ,    be- 
cause for   every  diameter  of  metal  1  has  been  taken  out  for  rivets. 
The  depth  of  the  web  =  "=;6",    therefore   the  required  thickness  =  10.5 
=   ,12  inches.      This    is   laes  than  5"      inch  therefore  a  Jj!     web   is  O.K. 

DESIGI?   Qg  THE  gUIIGBS. 
The  maximum  bending  moment  et  the  center  of  the  girder  is  U  =  63  x 
40   -  8  X   fl   *   2   f   5  f  4)    14   =     2520   -   1120  -  1400  K.    ft. 
1400  X  1000  X  12  =     16800000   inch  lbs. 

The  flange  angles  are  to     lie   spaced  with  their  backs  1" 
above  the  top  of  the  web  plats,   making  the  depth  back  to  back  of 
the   flange  angles  96-i  inches.      The  distance  of  the  center  of 
gravity  from  the  back  of  the  flange  angles  v/as  assumed  as  1,5  inches. 
Therefore,    the   effective  depth  equals  96.25  -  3  =  93.25  inches. 
From,  the  specifications   the  value  of  the  steel   in  the  flanges   is 
12500  lbs.   per  square   inch,    therefore   the  area  required   in  the 

flanges  =«  leeOOGCO  =     14,5  square   ir.ches;     Try  two  angles 

1S506  X  9S.25 
6"x  6"x  13".        Area  -     2(S,0S   -  1,5J      »     15.16   square   irches;    the 

1,5  square   inches   is  deducted  from  the  area  of  each  angle  to  allow  for 

material  cut  out  for  rivets.      The  distance  of  the  center  of  gravity 

from  the  back  of  a  6"  x  6"  x  13"  angle   is  1.8".      Therefore,    the 

T6 
true   effective  depth  using  t\.o  of  these  angles   is   96.25  -  3.6  -  92.65" 


.a'il  CCCll 
0   I' ."X  =   HloI  £i;»D  3rf*  jT  sricr   IkSoI  ovil  su'd-     =  £).3oX  Isxx^g  IjdJ'Ou    y    :, 

a 

9::J    'to  ■•3^:»id^?3  cMra;  elifiWoT.Ia  eri'I'      .^  Gd  -  L-I  ^.  c,i'  =  aoJ:c^o^•.<5•x  ona- 
-c/io1:©i'-  ^;oai  ••tsjcrpa  laq    .a?'!  COO:'  =  'i,.,s:iL;  ixx 

C 
'"._^/-[  =  a3o:i:ro.crId-  le-xis/petr  eif*  «-i:o1ts*toifd-    ,''0.  ■=  /ov/  o  :j-  lo  ifd-criBfi  sxfT 

o   . 

.     .  J    -x   :rovv'     'l4  ^''  otolsiorid-  rfoctl      "2  airiu-  ss^T  Bt   aid's.      .ao.io:^!   CI.   = 

ax    '  5X~ 


.d-v:  ,::  ot^.r  -  0:.:i.    -  -  ^i  (!•  -f  s  -p  ::  f  ^-  ..;  3  -  :  :• 

.sen  iio:ix   COOOOOoI     «  :;I  X  UCOI  z  COi'I 
"I  :3'i'0:3cf  lia/iit  xfrf-xw  i)eo^a   ad"     o:^  st:.-;   Qol-^aa  saxtall 

3   .Ioj3;r  ot  3ior,d"  xfrf'qdS  ori;^  3riX3f:$M   ^^alq  dsn  arrd-  lo  qi^o;}'  srirf-  svocfa 

J  'X(SiJ"irQO  oxiJ"  I'j  so  ■  ,    '; 'd  :x  ;:^-8?  af>I:2ajj  e-gOBj^  9di 

,soi[o.ii   'J.I  K-';   bsmjees  aaw  aex^ita  »jjii«sxi  friitf   1o  n'oxid"  ©rid"  'iroal  ^^;ti:vi^i§ 

.aoxloax  SS.Se  =  S  -  aS.d<?  aXexrpo  dtqeb  oriioc'rlQ   siiJ    .•rroleior'T 

ox   ae3r!:,'in  oxftf'  fl±"Xo©i'a  ©.rfrf   'io  r).cilev  •ri^f  8fioxd-.ao.i:'iJ:oorira  •lid-  aiOT'^i 

ariJ-   (ti   BeixjUp^T:  aetis   Oi.J"   sioleioxiw    ,x{o:rl:   fj-iiswpa   tt£»(T    .erfX  OOfiS'X 

.^Jolgn^  owi"  ^•x'i?     ;Bei£orfx   9ix;jjpa  3,JhI     =  ■t/'^. 000661  -  aogiiAiXx 

(  ^'/cf    ;aorioni   «-xcjifpa  SX^'-il     «      (S.X  -  eO,<?)2     =   sif  .'■  ;4  x"C  Ji  "o 

'  -^  i. 

vi-JtvoTia  't'>  i«*noo  srirf'  to  ooaiBt&tb  »xi3!      .so'-9vi':j:   lol  o' ■  o  &i!o  Lslrs^M.-^ 
J  orfrf    ,eno^ot9rfT      ."6.X  al   ©X»ix.3  "51  >    '  '        "C    '-    '      vlo^d"  9di  caoil 


28 


The  true  area  required  =    16800000     =14.5  Liquare  inches. 

125'0o  X  C2.65 
Since  this  is  leas  than  the  area  of  the  two  angles,  2  angles 

6"  X  6"  X  13"  are  G.  K. 
16 

TliS  ^vEB  SPLICE. 


96"  plates  are  rojled  in  lengths  up  to  300  ,  therefore  it  is 

nectesary  to  have  three  splices  in  the  web.  Using  four  plates 

each  240"  long  will  require  splices  at  the  20,  40,  and  60  foot 

sections.   Since  the  vve"b  takes  all  the  shear  the  heaviest  splices 

will  OGGur  at  the  20  and  60  foot  sections,  ell  splices  "being  made 

the  same  as  that  designed  for  the  20  ft.  section. 

The  maximum  shear  at  the  20  ft.  section  =  63  -  2  x  14  = 

35  K.   She  "bearing  value  of  a  7?  rivet  on  a  5"  plate  =  4100  l"bs, 

"S"  Tb 

Therefore,  the  num"ber  of  rivets  required  =  Z50J0   =  8,5.   If  the 

4100.- 

rivets  are  spaced  4"  apart  the  num"ber  of  rivets  in  a  95"  we"b  ^  £6. 

4 

-  £4,  and  taking  out  1"  for  each  rivet  the  effective  depth  =95-24 

-  72",  and  the  net  section  =  72  x  ^  =  22j|5  square  inches.   'Ihe  we"b 

16 
villi   resist  22,5  x  9000  =  202500  l"bs.   Eince  the  strength  of  the 

rivets  should  "be  that  of  the  we"b  the  numher  of  rivets  should  "be 

202500  -  50  rivets.   Tv;o  rows  of  rivets  spaced  4"  center  to  center 

4100 
are  used.   The  splice  plates  must  "be  3"  thick  end  must  "be  wide  enough 

o 
to  take  tv;o  rows  of  rivets  on  each  side  of  the  splice.   Therefore, 

2  plates  13"  x  ^"  will  "be  used, 
8 

RIVI^T   PITCH  IS  iiliiil^GJao. 

The  rivet  pitch  is  caloxilated  ty  the  formula  p  =  Pd. 

P  =  the  hearing  value  of  1  rivet  =  4920  l*bs. 

S  ■  the  shear  at  the  section. 

d  -  the  effective  depth  =  92.65  inches. 

To  find  the  pitch  in  the  end  panel-  the  maximum  end  shear  =  63  K. 
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p  therefort  =     4S20  x  92.65     =  7.2   inches. 

— isz^^uo 

aihe  rivet  pitch  should  in  no  place  "be  smaller  than  6" 
and  at  the  end  of  the  tridge  it  should  "be  less  than  at  the  center. 
The  pitch  v/ill  therefore  "be  3"  in  the  end  panel,  4"  in  the  2nd  panel, 
5"  in  the  3rd  penol,  and  6"  in  ell  intemodiatc  rtnolt.. 

STIgFHERB. 
The  stiffners  are  to  "be  placed  at  every  panel  point;  cir.ce  panel 
points  occur  every  8*  the  stiffners  will  he  placed  at  intervals 
of  4*.   From  specifications  si,"  x  si"  x  ^"  angles  are  the  smallest 
that  may  "be  used,  tat  in  order  to  give  the  flange  good  hearing  on 
the  stiffners  1  angle  5"  x  3^"  x  -g"  is  used  on  each  side  of  the  wet. 
The  angles  are  to  he  orircped  anA  to  have  a  driving  ffif .  Hivets  in 
all  stiffners  are  to  he  spaced  4"  center  to  center. 

The  end  stiffners  are  designed  so  as  to  transmit  the  end  shear  in 
the  "bridge  to  the  ahutments.   The  shear  at  the  end  equals  the  re- 
action equals  63K.   The  meraher  is  therefore  designed  as  a  coluirn. 
Length  of  column  =  8'.    r  can  not  he  less  than  8  3:  1£  =  ,95. 
Try  2  angles  5"  x  5"  x  i  (^  "back  to  hack)   r  =  1.6. 

P  =  lOOCO  -  540  X  8   z  10000  -  2700  =   7300. 

1.6 
6300G  =  8  *  square  inches  required.   i'rorj  the  tables  the  area 

7300  -,„ 

of  2  angles  5"  x  5"  x  i  equals  9.5  square  inches.  Therefore 

2 

these  angles  are  C.  K.   The  rivet  spacing  is  to  te  the  saEe  as  in 
the  intermediate  sti-'fners. 
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The  wel  mem'bers  ar©  alternately  in  tension  and  compression  as  the 
wind  TdIows  on  opposite  sides  of  the  "bridge.   The  Ficmhere  marV.ed  1, 
3  and  5  in  figure  4  are  not  part  of  rxii^   cross  frame  "but  are  merely 
su"bstruts  to  help  stiffen  the  structure.   The  length  of  the  diagon- 
als is  16.12  feet.   The  wind  load  is  300#  per  lin.  ft.  =  2400# 
per  panel.  Diagonal  6  will  have  the  greatest  stress  and  if  this 
memlier  is  designed  for  iraximum  compression  all  other  diagonals  may 
"be  made  the  same. 

The  stress  in  diagonal  6  =  the  shear  at  the  end  multiplied 
ty  sec.  6.     The  end  shear  =  12000  Ihs.    Sec.  6  ~     1.15. 
Therefore  the  stress  in  6  =  12000  x  1.15  -  1S800  Ihs. 
r  must  not  he  less  than  16.1  x  12  -  1.61. 

The  least  radius  of  gyration  of  2  angles  6"  x  4"  x  ^  C5"  "back  to 
hack)   =  1.60.   The  area  of  the  2  angles  =  7.22  sc^uare  inches. 

Pin  and  square  =  31250. 
6250  X  7.22   =  45400  Its. 


1      =     16.1     =     10. 

r  -T75 

S1250        -        6250. 


This   section  has   a  much  larger  area  than  reciuired,    hut  ov^ing  to   the 
length  no   smaller  angles   can  he  used  because  of  the  large  radius   of 
gyration  which  is  necessary. 
LOWER  LiLTE3Al  EliACr.G. 
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2he  v/ind  load  to  le  taken  care  of  ty  the  lower  lateral  system  is 

one  half  of  that  which  is  taken  hy  the  upper  lateral  Eyetera,  "but 

since  th«  m^mhers  are  the  same  length  as  in  the  upper  nycteE  and 

take  compression  r  can  "be  no  less  than  1,6.  Therefore,  all  mem- 

hers  to  "be  2  angles  6"  x  4"  x  —  (^"  "back  to  ■back) 

8     8 

CROSS  ¥3JJtBS. 


2he  intennediate  cross  frames  are  merely  tf    give  etifftiess, 

and   are   to  he  made  of  3i     x  3i     x  —     angles.      The  end  cross  frames 

2     2    8^ 

"besides  making  the  "bridge  rigid  must  transmit  the  reaction  of  the 

upper  lateral  system  to  the  a"butffients, 

H  =  12000  l"bs.    Radius  of  gyration  can  "be  no  less 

than  16.1  x  12   =  1.5.    2  angles  6  '  x  4''  x  ^"  (  1"  hack  to  "back) 

120  8    8 

have  a  value  of  r  =  1.6.   From  the  design  of  the  lateral  "bracing 

it  was  found  that  a  column  made  up  of  2  angles  6"  x  4"  x  §  (^ 

8    o 

tack  to  "back)   16.1  ft.  long  \/ould  carry  454()0  l"bs.  Trierefore 
these  angles  ere  0.  K. 
THE  WOODSIi  gLCOa. 

The  floor  of  the  "bridge  is  to  "be  3"  thick,  laid  in  two 
layers.   The  planks  &re  to  "be  spiked  to  the  wooden  nailir.g  pieces 
fastened  to  the  stringers  as  chown  on  the  drawing.   The  lower 
layer  is  to  "be  li"  thick  and  is  to  consist  of  white  oak  planks; 
the  upper  layer  to  te  of  ll"  yellow  pine.   The  planks  are  to  "be 

laid  diagonally  accross  the  "bridge  with  i"  spaces  "between  planks. 

1" 
The  sidewalk  planks  are  to  "be  2"  in  thickness,  spaced  "j  apart, 

each  plank  to  "be  toe  nailed  to  the  nailing  pieces. 

CURB  AIQ    GUAxiD   TIL1E£1H. 

The  cur"b  tim"ber  "between  the  roadway  and   the  sidewalk  und 
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the  guard  tirtilicr  on  the  outside  of  the  roadway  are  to  be  6''  x  4' 
tlmhers.   The  guard  timter  is  to  te  set  on  2"  x  6"  hlocks,  spaced 
every  5  feet  to  allow  for  drainage. 
EAKD  AtklLIIiG. 

The  railing-  is  to  te  made  of  2"  iron  pipe  with  pests  at 
intervals  of  8  feet.   The  posts  are  to  be  screwid  into  the  fleer 
plates  and  all  intermediate  joints  and  connections  are  to  te  rivet- 
ed. All  details  of  the  railing  to  he  made  as  shown  on  drawing. 
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CObT   ESIIL^TE  Oi'  MLL>GE. 
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WEIGHTS   OF  STEJiL. 


Eo.   Pleo.        Siz«. 

8     Angles      6  X  G  X  13/16 
8      "  6x4x3/8 


4 

8 

12 

8 


IT       II       M       II 


II       II       II       II 


II       .•!       It       II 


II       I!       It       II 


II       It       II       It 


4  " 

8  " 

360  " 

80  " 

8  " 

36  " 

40  " 

26  " 

p  If  II  II         II 

16  "  "  "        " 

4  Platas     96"   x  5/16" 


II    II    II    It 

6  ±  4  X  7/16 
It    II    II    II    It 

5x5x1/2 

5  X  3-1/2  X  3/8 
II    II    II    II    I    <i      II 

3-1/2   X  3-1/2   X  3/8 


4 
8 
6 

5 

24 

4 


96  X   5/16 
22-1/2   X  3/8 
19-1/2  X   3/8 
16-1/2   X  3/8 
16   X  3/8 
14  1/2   X  3/8 


Len^ 

^th 

Posi-tion. 

82' 

-6 

Flang* 

12' 

-10 

Cr.    irrm. 

12' 

-9-1/2 

II           II 

5' 

-10-1/4 

"           II 

15 

-10 

Lateral 

13' 

-2-1/4 

II 

14 

' -2-1/4 

II 

14' 

-1-1/4 

II 

13 

-6-1/2 

ri 

0' 

-5 

F  reining 

C- 

-2 

If 

7 

'-9-7/8 

3tiffn«rs 

7 

-9-7/8 

II 

7 

•    10-5/8 

II 

12 

•-10 

Str.   &  Cr 

12 

'    9-1/2 

11                         M             II 

5 

•    10-1/4 

Cr.    Frm. 

21 

'-3" 

'Uel, 

20 

'-0" 

'I 

2 

6-1/2 

Conn. 

2 

4-3/8 

It 

2 

'    3-1/2 

II 

2 

'    0-1/2" 

II 

1' 

3-1/2 

II 

Frm. 


Totel- 


20460 

1263 

629 

576 

2032 

1298 

1396 

694 

1335 

2880 

280 

1014 

2929 

3280 

2835 

870 

796 

8670 

8160 

583 

353 

241 

1000 

96 

63,96? 
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34. 


Ho.  Piece.      Size. 

5  Plates     13-1/2  x  3/8 

12  "  13  X  3/8 

4  "  12-5/8  X  3/4 

5  "  10-1/2  x  3/8 
11  I  Eearcs  15"-55# 

SO  "        "  7"-20# 

20  "        "  3"-5.5# 

2  Channels  15''-35# 

TOTAL 


Length. 

Position. 

'./eight 

fforward- 

63,lG^j 

1'    11-1/2 

Conn. 

168 

7'-0" 

Splice 

1,3S2 

2' -3" 

Bed 

142 

l»-0" 

Conn. 

67 

20'-0" 

i'loor 

12,100 

7»-ll" 

Stringer 

14,250 

7'-ll" 

II 

871 

20'-0" 

1,400 

TIMBER. 

160'  6"  X  4"   timber 

10'  6"   X  2"      " 

880'  2"   X  4"      " 

1600  Sq.  ft.    1-1/2"  White  Oak 

1600   "  "        1-1/2"  Yellow  Pine 


Guard  liail 
Blocking 
bailing  pieces. 
Floor. 

Floor. 


94,360 


The  cost  of  the  "bridge  will  be  based  on  the  following  iteia 
Steel  @  §,02  per  lb. 
Shop  work  &   ^.015  per  lb. 
Transportation  @  $.0025  per  lb. 
Erection  ©  ^.006  per  lb. 

TOTM. -  =.  ^.0435  per  lb. 

TOTAL  COST    =  $4100. 

These  figures  allow  for  laying  of  floors,  erection  of  railing,  •to., 

as  well  as  for  the  actual  steel  work  and  erection. 
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35. 


THE  Fill.. 

By  mtans  of  t)ie  profile  and  cross-section  the  volume  of  the 
cut  &.nd  fill  was  oelcninte^.  The  areas  of  the  sections  were  founa  "by 
the  use  of  a  planiireter  and  the  volume  figured  hy  the  method  of  aver- 
age end  area§,  the  distances  hetween  sections  heing  taken  from  the 
profile. 

In  order  to  determine  the  cost  of  haul  the  centers  of  grav- 
ity of  the  cut  and  fill  and  supply  were  found.  The  center  of  gravity 
of  the  cut  was  found  ty  taking  the  sum  of  the  moments  of  each  section 

atout  a  oertain  line  and  then  dividing  hy  the  sum  of  the  volumes  of 
the  sections.   The  work  was  divided  into  three  parts,  i'irst  the 

amount  of  fill  that  the  rock  cut  would  supply  was  determined  and  the 

centers  of  gravity  of  the  cut  and  fill  having  heen  ascertained  the 

length  off  haul  was  found.  The  cost  of  the  rock  excavation  having 

heen  assumed  the  cost  was  computed. 

In  the  second  part  the  remaining  amount  of  fill  on  the 
east  side  of  the  "bridge  was  found,  and  having  determined  the  center 

of  gravity  of  the  supply  pile  and  the  portion  of  the  fill  the  length 

of  haul  was  computed.   The  haul  is  to  "be  made  ty  means  of  v/heeled 

scrapers,  the  cost  as  given  by  Gillete  "being  ^i   per  cu"bic  yard  plus 

1  1/6/  for  every  hundred  feet  of  haul. 

In  the  third  part  the  fill  on  the  west  of  the  "bridge  was 

computed  and  it's  center  of  gravity  determined.   The  distance  frcTn 

the  center  of  gravity  of  the  supply  to  the  center  of  gravity  of  this 

fill  was  found  and  the  cost  estimated  for  this  haul. 
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36. 


COST   01''   EiU^TICVOHK. 


Haul  to  "be  done  "by  wheel  scrapers. 

I. 

Amount  of  cut  -  8,080  cubic  yards  limeston*  to  "be  used  as 
fill  from  stotions  M  to  i:l.   The  length  of  haul  from  the  center  of 
gravity  of  cut  to  the  center  of  gravity  of  fill  is  253  feet.   The 
cost  of  excavation  and  haul  -  ^1,00  per  cuhic  yard. 

8080  cuhic  yards  @  ^1.  -0  per  calic  yard  =  ■$8,080. 

II. 

The  amount  of  fill  from  section  M  to   the  "bridge  =  8,4S0 
cuhic  yards.      The  distance  from  the  center  of  gravity  of  the  supply 
to   the  center  of  gravity   of  the  fill   is  310  feet.      The   cost  of  load- 
ing and  hauling  =  14j/  per  cu"bic  yard. 

8,450  cu"bic  yards  ©  14$/  per  cu"bic  yard  =  ^1,1^0. 

III. 


The  amount  of  fill  west  of  the  "bridge  =  17,  S20  cubic  yards. 
Distance  from  the  center  of  gravity  of  the  supply  to  the  center  of 
gravity  of  the  fill  =  585  feet.  The  cost  of  loading  und  hauling 
=  165^  per  cu"bic  yard. 

17,S20  cu'bi  c  yards  @  16{^  per  cu"bic  yards  r,  ^2,867. 

I. ^8,080 

II. -3^1,150 

III. ii2,867 

TOTAL  COST  OF  FILL  =    #12,127. 
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Th«  design,  details  and  specifications  are  all  according 
to  standards  in  use  at  the  present  time  and  the  entire  work  is 
figured  according  to  standard  texts.   Th'e  cost  estimates  are  "based 
upon  average  costs  of  labor  and  material  according  to  the  present 
scale  of  prices  as  they  haye  "been  applied  to  similar  work  which 
has  already  he on  carried  out. 

The  total  cost  of  the  improvement  as  figured  according 
to  the  foregoing  designs  and  estimates  is  as  follows :- 
Concrete  --------  ^11,975 

Bridge    _____  ^  4,100 

Earthwork  ^12,157 

TOTAL  COST $28,213 
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